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INTRODUCTION 

h i s  report io presented i n  partial f u l f i l l a a t  of tho requiremonte of 

paragraph 5.1 of Exhibit E of Cantraut No. U S  9-1100 and amtainr the 

natural and induoed enrironnnnts t o  be uaed for  the design of the LE% 

md its squipinamt. 

roport a r e  preliminarg and are intended a8 a guide t o  the rugnitudo of 

the values and the operational oonditions oausing them. 

thir report tdll be irsued a8 f i r m  information beoomes available. 

n o  n\tw?!doalvalues presented i n  thir i s w  of tho 

Revisions t o  

. 
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1. &nerd 

- The LEN and ita rubsyrtrma rhel l  be desi-d 
t o  meet and cnviromental condltlons herein 86 well as 
the particular mission requirements as s e t  forth in the detail specifications. 

Deeign procedures shall be conducted in accordance with recognized r a t i o n e l  
p r inc ip l e s  within the follarln@; framework. 

- The purpose of the e n t i r e  design and t e s t  effort is to 
produce re ?%! ia e e q u i p e n t  for the lunar landing mission. Thie purpose is 
1.1.1 

accclaglished by ana lys i s  and t e s t  of the failure mode8 for each item of 
equipexi t  duriag t he  design developmnt,  
is the a b i l i t y  t o  predic t ,  accurately, not only the type, or mode, of fail- 
but the etxes8 level a t  which it occurs. 
go bnd-in-hand so that the e f f e c t  of changing design features on the failure 
modes uill be part of the design trade-off evaluat ions and the r e l i a b i l i t y  
as m s  sment . 

The objec t ive  of this iailure analysil 

The design and failure analyses mt 

Street# level, as used here,  meam the lnten6ity of any para;lpctsr, suoh ae 
prc~sure, voltage, temperature, etc. which affects the abi l i ty  of the equip- 
ment to perf'onsl its deaign m c t i o n .  
envirorrremtal Conditions imposed on the equipnent and t h e  self'-Induced condi- 
t i o n s  due t o  operating the ecpipment for t h e  design mission t h e .  Operating 
t i n e  (or mpBbr OS cycles) should also be considered as a criteria varla'tjle. 
The n t r t v s l  6tnd induced envirornnents given in this r epor t  are the mmclmm - 
levels that can be expected t o  occurr In any LEN mission. Ebtlonsl coarbiaa- 
t i o n s  of these envirolrmental and self-induced conditions must be considsrad in 
the design of each ltam of equipnent. 

These parameters consist of both the 

Thd a c t o r  of mfety, that  is ,  the r a t i o  of the allowable stress t o  the 
ddaign stress, m!UBt be se lec ted  SO that the likelihood of failure under the 

fiilure Is dtub, ia part to the range of distribution o r  strength available; 
this rang8 bel= du6 t o  material sad W n s t r u c t i o m l  mriatiom frcmn o m  part 

erica1 re l labi l l ty  of the i tmu  of e q u i p n t  Wsr considemtion.  

mxfmurp eSSiOXl -1 6tP@6See i8 aa~eptably ramOt8, Tht? liktlihood Of 

t o  mtbar. Thie likelihood, eXPl%Sstd 88 8 m b b i l i t y ,  le8d.E to the ZlUDl- 

C R U M M A M  A I R C R A F T  E N G I N C C R I N O  C O R P O R A T I O N  LIO.7% . 



c* 
As m i n t e g r a l  part of t h e  development test  program, s t r e s s - t o - f a i l u r e  

tests w i l l  be employed t o  Dbtain f a i l u r e  rnzJdes and/or sa fe ty  margins - which 
exist i n  t h e  f l l g h t  weight design. These tests, i n  cmbina t ion  with back- 
ground data, must provide in fomat ion  which gives UB a meaaure of the  u n i t  
t o  u n i t  v a r i a b i l i t y  of s t rength.  

The s ign i f i cance  of t h e  s t r e s s - to - f a i lu re  tests will be increased by 
stressing t h e  e q u t p e n t  t o  f a i l u r e  a f t e r  exposing it t:, one simulated mission 
operating cycle. This simulated mission cycle w i l l  include all c r i t i c a l  
environments and loads due t o  acceptance and check out  t e s t i n g  p lus  all 
phases of handling and missim operation. 

These t e s t s  are a l o g i c a l  extension of t h e  design v e r i f i c a t i o n  portion 
of the  devehprnent tests i n  t h a t  they provide usef’ul information e a r l y  in 
the pmgram as well as check an t h e  a b i l i t y  of t h e  equipment t o  pass qual- 
i f i c a t i o n  tests. 

The lnfomatlm frapa the stress to  failure t e e t s  as w e l l  as other 
deve-t b s t s  canbined &th the 4e-n ~ 1 ~ 6 1 8 ,  8-d r r s u l t  In 
such a mmplete uaderstulding of the equlpawnt ehareeteristioa tkat the 
accu ta t e  pred ic t ion  of failure modes CM be W e .  
ion the requi: .~bcnts  for q U l f ’ I a t € o n  t e s t i n g  can be firmly es t ab l i shed .  

%sed on t h i s  Informst- 

. 
\ 
.... 
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1.1.3 Acceptance Tests - The planning for  the  acceptance tests should 
begin during the  design ana lys i s  a t  the  t i m e  when it f i fs t  becomes apparent 
which are t h e  c r i t i c a l  cha rac t e r i s t i c s  of t h e  equipment. Thought should be 
given ,a t  t h i s  early stage, t o  non-destructive t e s t c ,  inspect lons o r  oper- 
a t i o n a l  procedures which w i l l  give mcaningfd infomat ion  3n t h e  presence 
o r  lack of adequate s t rength  o r  operational. capabi l i ty .  These concepts should 
be checked during the foregoing t e s t i n g  t o  provide t h e  necessary assurance 
t h a t  the  objec t ives  of t he  acceptance tests w i l l  be a t ta ined .  This prelim- 
€nary set of acceptance test  requirements must be complete before  equipment 
qua l i f  i ca t ion  s ince  equipment m u s t  be "accepted" before  it can be "qual i f ied" . 

The eventual purpose 3f the acceptance t e s t s  is  t o  shaw that  the  equlp- 
nent i s  representat ive 3f and the perfornance is  equivalent  t o  t h e  equipnent 
used i n  qua l i f i ca t ion  tests. 

1.1.4 
demonstrate t ha t  equipment t h a t  can pass the acceptance tests has t h e  design 
safe ty  f ac to r  and w i l l  f a i l  as predicted.  

Qua l i f i ca t ion  Tests  - The qua l i f i ca t ion  tests s h m l d  be planned t o  

The qua l i f i ca t ion  equipnent, therefore ,  w i l l  go thmugh th ree  tes t  phases: 

1. The f i rs t  phase w i l l  consis t  o f  the  acceptance tests derived fmm 
the development eff3rt  mentimed above. 

2. The second phase w i l l  be made up of two pa r t s :  

a. The f i rs t  par t  w i l l  consis t  of t e s t s  t o  demmstrate the exis tance 
of  sa fe ty  f a c t s r s ,  as required by t h e  f a i l u r e  analysis ,  fo r  all  
c r i t i c a l  modes. These t e s t s ,  of necessi ty ,  will be  run at stress 
l e v e l s  higher than maximum mission l eve l .  No f a i l u r e  w i l l  be 
permFtted a t  the  qua l i f i ca t ion  l eve l .  

b. The second p a r t  will c m s i s t  of an endurance t e s t  performed with 
mission l e v e l  envimnments using operating time r a t h e r  than stress 
as t h e  c r i t i c a l  parameter t o  a f f e c t  t he  equipment function. The 
t e s t  durat ion w i l l  be equal t o  o r  g rea t e r  than mission slmulation. 
l i f e .  ( A  mission simulation l i f e  i s  defined as grmnd operat ing 
t i m e  plus mission time). 

3. The t h i r d  phase s h o d d  cons is t  of t e s t s  t o  f a i l u r e  o r  malfunction i n  
one 31- =?re sf t h o  c r i t i c d .  mdcs i n  srdzr ts eval-uate tile margins 
above qua l i f i ca t ion  l eve l s .  

If, during qua l i f ica t ion ,  a f a i l u r e  should occur which I s  not at the pre- 
d i c t ed  mode o r  l e v e l  a complete evaluation of the  f a i l u r e  and t h e  f a i l u r e  
ana lys i s  shall be m a d e .  
i s  n s t  considered qua l i f i ed  and the  acceptance t e s t s  are inval idated.  

Pending the  r e s u l t s  of t h i s  evaluat ion t h e  equipnent 
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- Tbs nature of the lurrar land- mlssion lwyirars trbat 
throu& otrrsrall reliability rather than ttnwrgh the 

uo. of campo eyetmaa. pl(vefm, atteixmmt of the rnaxsmOn mission re-- 
b i l i t y  sad effw eafety shall be the most importan$ single consideration la 
the drseign, construction, trrndlirg Bnd operation o f  the I. 

plhsc reliability goal6 are to be am$ Incltdlng th. effect8 of hunch 
vehicle aad spammmft anvimumnta as well as ground ccaspltrx ~ ~ U a b i l i t y  
but axclading coaaibrration of  xadiatian, metxtorold impact and fruadto vehiale 
(u Camand and Bltrvlce Module operatioaal reliability. 

1.3 
design such'Zbst ad vantage can be taken of sdvraaose In technology. 

Mvao#rE h Te&awlw - Flexibility shall be incorporated into the 



2 02 Criteria 

The ID! repretwuriration system shall be deaigned for 6 complete cobia roo 
preasurtaations, and a mnt:nums leak rate a8 high as 0.2 Iba. per hour. 
Agvislons &all he aada for  a t o t a l  of  6 re&argrs of tho partable l H 0  
wpport SptQIQ4. 

2.2.2 
operated in %bo pmasartaed dabin environment r h a l l b r  designed to funetim 
for a minimum a i  two days in vacuum without failure. Tima period In v8au1.1~ 
prior to operation s h a l l  be a rnlnimuw o f  4 days. 

2,2.3 
miaaion a%rts. 
s h a l l b a  pmvirled when th is  rnhances cmu aabrty. 
efxuwaion a b i i  provide f o r  retcm to, rendsorour, .ad docking With ths 
C o d  and S a n l c e  Nodules. 

Vacuum O&at.ton of Cahan F ~ u i ~ t  = Equipment which i a  n o m a l u  

niasfm Abort - Proviaions shal l  t e  made for umv i n i t i a t i o n  of a l l  
Tnmat lon  of abort by ground c o r n  or automatic s g a t a  

A l l  abortis during lunar 



0 

0 

2.3 Mieeion Profile - 
2.3 .1  

2.3.1.1 Packs d Transportation of test and f l i g h t  modules w i l l  be fmm 
GAEC t o  p 0 i . m :  Trenaportation i s  expected t o  be by t ruck,  however, 
a i r  t r anspor t  will be considered t o  reduce shipping t h e .  
Modules w i l l  be shipped t o  Huntsville, Alabama; Houston, !bXaBj W h i t e  Sands, 
New Mexico; and IWA Downey, Cal i forn ia .  F l i g h t  modules f o r  use with L i t t l e  
Joe I1 wl11 be shipped t o  White Sands, New Mexico, w h i l e  a l l  o the r s  w i l l  be 
del ivered d i r e c t l y  t o  AMR. Time f o r  t r anspor t a t ion  by t m c k  is  expected t o  
be 0x1 the ordl;p of one week t o  A.NR and two woeks t o  W M .  

Ground €kindling and --Flight OperatLana 

Ground t e a t  

2.3.1.2 
b l y  w i l l  be -&% pe o m  a t  the launch sites as  well a s  hot f i r i n g  of i t s  prop- 
u l s l o n  and m a c t i o n  con t ro l  systems. Assembly i n t o  the h u n c h  Vehicle will 
occur on the launch pad f o r  L i t t l e  Joe I1 and C-LB f l i gh t s .  
f l i g h t s  w i l l  occur i n  the vertical assembly. Prior t o  prelaunch operations 
a t  AMR the IEM and Its subsystems w i l l  undergo acceptance tests a t  Cnunman. 
IEM subsystems w i l l  undergo vendor acceptance t.est.s p r l o r  t o  k i n g  delivered 
to Gnrmman; 

Unpacka d - For f l i g h t  modules, an acceptance checkout and aesem- 

Assembly f o r  C-5 

2.3.2 
to burnout 3s about 13> seconds, maxj.nnm q occurs a t  about 65 eeconde, 
stage burning time is  approximately 400 seconds. 
be j e t t i soned  shortly a f t e r  i g n i t i o n  of second s tage.  
tims will be about 160 Second6 t o  place spacecraf t  i n  parking o r b i t .  
The tW stage i s  restartable and a f t e r  r e - ign i t ion  will have a burning time 
of 320 eeconds f o r  t r ans luna r  i n j ec t ion .  Dynamic loads t o  be encountered 
a r e  due t o  t h r u s t  changes, maneuvering, gus t s  and engine induced v ib ra t ion .  
Total thrust t i m e  I s  (135 + 400 + 160 + 320) = 1015 second o r  17 minutes. 

Launch Vehicle - F i r s t  stage thrust t i m e  frm hold-down release 
Second 

The h u n c h  Escape System will 
Third stage burning 

S c e c r a f t  - Imarediately a f t e r  t r ans luna r  Inject ion,  the Command 
Module/Serv 3?%Yz ce Mo u i s  separated from the LEM shroud and the upper shroud 
i s  Je t t i soned .  
LFN hatch. During t h i s  tnamwer the 04/34 is the ac t ive  m e m b e r  and the LEN 
m i n s  attached t o  the empty S-IVB. A f t e r  t ranspoaitioning, the S-NB and 
lover ehroud i s  separated from the spacecraf t  and t r ans luna r  att i tude i s  es- 
tabllshed f o r  -the lunar t r i p .  
by t h e  Service Propulsion S p t m  vith t.hc first. eo-mct inn  n r e ~ z j I r ~  i b m t  
2 l /2  hours a f t e r  In j ec t ion .  
checkout of IEM i s  made with one c r e w  m e m b e r  t r a n s f e r r i n g  frun the Command 
module t o  U M .  A t  about 82 hours the SM propulsion system es tab l i shed  the 
spececrafi In a ciraular lunar o r b i t  a t  80 n a u t i c a l  m i l e s  a l t i t u d e .  
Orrv i t 3  t ransfered end aftQr ci s y s t e m  check, tha 

AfMxnf, bndernous and Docklng. 
the fBM %e JettLsoned and L e f t  i n  lunar o r b i t .  

2.3 .3  

The CM/SM is then  re-oriented t o  mate w i t h  the LEN a t  the upper 

Tra,-jectory co r rec t ions  are applied p e r i o d i c a l l y  

Following t h i s  C Q U T B ~  cor rec t ion  a complete 

"he 

The LElM is the a c t i v e  m e m b e r  during Descent, Ianding, 
i e  eeparated a t  about 

hwvs aftsr bunch. 
After cmw t r a m  61 t o  the Carmnand Module 

For summary of U!H mission time, see Tabls I. 

Contract No. IUAS 9-1100 
REPORT Ln>-520-LB 
DATE Rev. 15 NOV. 1963 
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2.3.4 L m u r  Phourrim - Tho IUMr ExcnarSIOn Module ahall have tho 
uopnbllify of perforring the repnratlon, 1 w  doeoont, landing, aMmt# 
renderrour and dooking inclopondent of tb rpaoouraft. A11 LEH o y a t r s  
shall be oapabla of perfoning e t  thsir nomirul d o r m  prrformame lrvel 
for a mission of two dryr without rooupply. 
olllptioal orbit rrding at a lunar altitude of SO$lOO it. after uhluh a 
powered d O 8 C Q t  w i l l  ad a hovering maneuver which mqy roquir, trans- 
l a t lonr  up to 1000 it. rad lary last for  two.ninutes. 
horIraat.1 o e l o a i ~  hall not exceed 5 f t * / m O . #  a d  rertiaal vo~ooitgr 
ohall not e x c o d  10 i t . /rso. 

J.amar dooarnt will be by 

P y ~ l  tourhdoua 

c 



ENG I 3  

3.1 

U l t i m a t e  Facta= - A t  l M t  load ++I+ t i m e  the u l t h a t e  f a c t o r  of 
safety them shall  bo no fat'Lure of structural mmbcts. 
rhal l  be not b r a  then 1,'j tapplied to limit lords. 
duced to 1.35 far rpec la l  caMcB, n& involving presrure vssesle, upon 
retiom1 anslyrir dl with =C approval. 

The ultimate factor 
This value imy be re- 

- Y1sI.U Pactm - A t  l i m i t  load * times the yield factor Of' eafety 

lcns 8s 1.0 for duct ih  msterlab and 

there shal l  be PO px=mfiuwnt. deformntlon ar t o t a l  deformation vhlch w o u l d  
p m n t  performnee of the d a s i o n .  
loado fS naaninally 1.35, but may )e 

not Involving g%rnsum veesele and need not exceed 1.5. 

Ths yield factar, applied to  limit 

?his document conta ins  i n ; ' c m + 3 o n  a f f ec t ing  the national. defense of the Unitea States, -thin 
t h e  meanmg cf Lie E s p i ~ ~ . . g e  Laws, Title 18, Sections 79: ar,d 79h, the t r a n s r r ~ z s i o n  cr 
m V C l O t i O n  of wbich in dn.j manner t o  an imeuthori?ed perscn is proN5i t ed  by law. 

REPORI -52o-U 
Coatmot NO. IW39-UOO Dm- 15  NOV 1963 
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3.: .l. .1 Pressure Vessel Proor' Factor - A l l  pressui-e ves se l s  will be sub- 
jec ted  t o  a pressui-e prool' tes t  durint: acceptance t e s t i n g .  
t o  proof pressure,  the  pressure vessel  s h a l l  be f u l l y  capable of performlq; 
the mission. The proof' l a c t o r  s h a l l  be 1.33 times L i m i t  pr.essiire.* This 
l 'actor  m y  be reduced f o r  spec ia l  cases upon r a t i o n a l  a n a l y s i s  and neliotia- 
t i o n  with MSC. 

A f t e r  exposiire 

3 .  .1.: .: Pressure Vessel U l t i m a t e  Favto:, - A t  limit load times the  u l t i -  
mete factor of s a fe ty  the re  s h a l l  be no f a i l u r e  CII the  prec .ure  ves se l .  
The u l t i m a t e  f 'actor  shall be :-.OO appl ied t o  l i m i t  load$,.* Thi. k'actor. may 
be reducec t o  1 . 5  f o r  spec ia l  cases  upon r a t iona l  ana lys i s  anc! n e p t i a t i o n  
with VSC. (The r a i n  propel lan t  and RCS tanks are a spec ia l  case and w i l l  
have an ul t imate  f a c t o r  of' 1.50 on the worst combination of acce lera t ion ,  
pressure,vibrat ians ,  shDck, e t c . )  

- ,  
3 .  .1.< . 3  Pressure Vessel L i m i t  Loads - L i m i t  loads s h a l l  be obtained with 
l i m i t  pressui-es. L i m i t  pressure s h a l l  be no lower t h a n  the maximum r e l i e f  
valve pressure f o r  the system. When pressure e f f e c t s  are re l iev ing ,  pressure 
s h a l l  not be used. 

3 .  . P -ecsu?-c S t a b i l i .  ed. S t ruc turer  - No primary s t r u c t u r e s  shal l  
requi re  p r e s a r e  s t a b i l i  :at ion.  

* For Propulsion and Reaction Control System pressu:*ized conponents down- 
stream of' the  helium pressure regulators .  

Proof press .  s h a l l  be ?.O times the  maximum expected Line pressure 
(use relief valve maximum) 31' the  com'bined surge p lus  nominal ma.v.inum pressure,  
whichever i s  g r e a t e s t .  

- 
Ultimate pressure s h a l l  be 3.0 times the  maximm expected 1in.e 

p ressure  (use relief valve ma:.imum) o r  1 . 5  times the :ombined su,*pe p lus  
nominal maximum precsures,  whi lhever i s  r-reatest. 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
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3 *2.3 Wbra t ion  - The applied v ib ra t iona l  environment f o r  launch and 
boogt, t r a n a u n a r ,  descent and ascent phases of the mission cons i s t s  of 
r m d m  exc i t a t ion  up t o  2000 CPS. The high acce lera t ion  dens i ty  l eve l s  
a t  lar frecpencies a re  presented f o r  use i n  the design ana lys i s  only s ince 
available &st equipnent is  incapable of reproducing the complete spectrum. ' 
The test requirements (Ref. LEB 520-5) include separate s inusoida l  v ib ra t ions  
t o  account f o r  t h i s  l o w  frequency por t ion  of the  spectrum a s  well a s  t o  de te r -  
m i n e  the design adequacy i n  individual  v ib ra t ion  modes. Test requirements 
should be considered a s  p a r t  of the v ib ra t ion  design. 
52Q-5 contains the  1.3 f a c t o r  of 3.2.3.1 below). 

(Table I of LED 

3.2.3.1 
In Table I1 are e c l f m i t e d  a s  the highest  l eve l s  that w i l l  occur during 
mi-sstm.. Sa t i s fac tory  operation must be a t t a ined  w i t h  these v ib ra t ion  
amplitudes increased by a f a c t o r  i n  combination w i t h  other appropriate 
environments. The value of t h i s  f a c t o r  f o r  pre-launch packaged and 
u-ckaged of Table 11, parts ( a )  and (b) ,  i s  1.0 and the value f o r  all 
o the r  conditions i s  1 .3  applied on the g and D.A.  and (1.312 appl ied t o  
random v ib ra t ion  ( g2/cps). 

Vibration Fac tors  - The v ib ra t iona l  amplitudes gi-n 

3.2.3.2 Vibration Amplification - The v ib ra t iona l  amplif icat ion f a c t o r  
i n  the range of the Table I1 applied v ibra t ions ,  shall not exceed a value 
of ten .  This amplif icat ion f a d o r  i s  defined a s  the t o t a l  displacement of 
any point  on an equipment divided by the  displacement of the input device.  

3.2.3.3 St i f fnes s  of Equipment Mounts - With the exception of individual  
parts and cmponents, the  bas i c  chass i s  and/or mounting s t ruc tu re  of e ,u ip -  
ment (such a s  brackets  and shelves)  s h a l l  be free of mechanical remnances 
below 60 cps . 
3.2.4 Other Environmental Fackors of Safety - The l i m i t  proof and 
u l t imate  f a c t o r s  of s a f e t y  shall b e 1.0 f x  the  following environmcntc: 

a .  Humidity 
b ,  Rain' 
c .  S a l t  Spray & Fog 
d .  Sand & Dust 
e .  Fungus 
f . Hazardous Gases 
g. Radiation 
k?. %qe?xtLL?.?. 
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3.3 Flight Loads 

3.3el.b. -- e r a t m  

3.3.1.1.1. 
t- ~3.11 vary between *150F. 
56%'. and 889.  

3.3.1.1.2. L i t t l e  Joe XI = Ambient grsund level a i r  temperature a t  MSMIi 
d u r i n g  launch tine will vruy between -15011'. and UOOE'.  
is appmxmteci a8 bop' .  t o  YOOF. 

- Ambient sea l e v e l  air temperature at  ME during lqunch 
and loo*. The most l i k e l y  range is between 

J 
The most l i k e l y  w e  

3.3.1.3. 
f ollars. 

Vibration - Vibration d w  t o  launch vehicle  operation will be as 

L i t t l e  Joe 11: I Vibration Bee Table I1 (d) 

5: Vibrrttioa Bee Tab1.e I1 ( e )  

3.3.1.4. - k c e l e m t i o n  loads due t o  booster thrust are 

3.3.1.4.1. - Dyllamic loads due t o  t h r u s t  changes are covered b y  
the following: 
static thrust. 

Hold-down releasre produces 2 1.2% superimposed on 1.25 er, 
Thwt d r q  o f f  at P e t  s taye  burnout produces - 2.6 g. 

3.3.2 Spacecraft - 
3.3.2.1. 
vary between approximately 2 260 '. depending on the or ien ta t ion  of the 
spacecraf t  r e b t j v e  t o  the i5t.q c a w  t o  space envirmment of -460%. ando 
sohr r ad ia t ion  of 446 BTU/FtL hr* The temperatuge will 
t o  +160%. i n  vacuirm cabin equig en t  bay, +40 t o  % pulsion c u u p m n t ,  yd +'lo 
n p t . 8  in the cabin 50 

Tgmgerature - i'he e x t  rnal Rurface temperature of the LE24 wlll 

* 9 

t o  +&I i.n the cantrol led (02) cabin. (Local 
t o  ')O%. ) 

3.3.2.2. Pressure Tk,e atmosphc-rfc pressure i n  c i s lunar  space will be 
on the order of 10 '' m of Hg" The controlled cabln pressure i s  5 p s i a  
O2 naninal. 

3.3.2.3. Vibratim Vibration, due t o  Sewice Propulsion System wlU be 
a8 foUaweit 

The wncmtrolled -presmre is 5 vela t o  .1 psia Q2 naninal.  

Contract No .  Nag-1100 REPORT LED-520-1B 
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3.3.2.4. B-ic LoadinG 

3.3.2.)+.1. Space Maneuvers - Maneuver acce lera t ions  due t o  Service Propulsion 
System & S t a b i l i z a t i o n  and Control ey8tem are a6 f'ollows: 

X Latera l  P i t ch  

Ny & Nz '& Nx 
2 m.45 g *u. 8 .373 Rad. /sec. 

Repos i t i on iw  - ??le ?hock l o a d s  due t o  reposi t ioning a f t e r  3.3.2.4.2 
s-IVB burnout are: 

* .  
N Ny & Nz w x 

2 

2 
-032 k3 .ug3 63 .h Rad./sec. 

0.84 Q .m g 17.0 Iiad/sec. 

3.3.3 L u n a r  Excursion 

3.3.3.1. 'Temperature - The ex err,al  surface temperature of the  Lz;M will 
vary between a p p r o x i i t e l y  -260 an$ +2gOo depending on the o r i en ta t ion  of 
t k =  pn. 
1%. hr.  The lunar surface t q e r a t u r e  w - i l l  be + P j O  t o  -300 I?. dependinc 
on the p o s i t i o n  ofthe sun and the l oca t ion  of UN on the moon.  mien pres- 
surized the tempera tye  of theombin w i l l  be between 70' and 80' 1'. 
t evra ture  @ll be 0 
+40 t o  +lo0 3 (Cabin l o c a l  s p p s  50-:10° 
(The descent engine ccmbustion chamber bac3-facE i s  less than k00 >'.) 

3.3.3.2 ,Rressure - 'i'hc m b i e n t  pressun- 3n L A ~ C  lunar suri'we F;ill n o t  
exceed 3.0- man of IIg. h h n  pressurized the ce.bin pressure of the LEN Will 
be 5.0 psi + ,2O p61, with a r e l i e f  v a l w  s e t t i n {  of 5.6 pe i  + .X. n s i .  
The cabin a h o q h e r e  w i l l  conslat  of pure oxygen. 

3.3.3.3. 
as follows: 

8 
The space envirannent is -460 I?. and s o ~ a r ~ r a a i a t i o ~  is  440 T I T L /  

fit. 
t o  +16O 1'. i n  vacuum cabin and equipment bay an(# 

i n  the prqpulsion canpartmwt. 

- 

Vibration - Vibration d w  t o  Cescent or  aecent engines are 

Descent - Reference Table X I  ( f )  

Ascent - keierence 'i'a-bie ii (hj 

.. 
*MOTE: e is  r o t a t i o n a l  acce lera t ion  about my a x i s  n o r u d  t o  the x axis 
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P A G E  I,, 

3.3.3.4. Dynamic L o a i l i x  

3.3.3.4.1 
operation of the main descent engine and the  lieaction Cont ro l  Cystam. 
cant l a a d s  calculated occur a t  separation, i n  e l l i p t i c a l  o r b i t ,  at start of 
haver md j u s t  p r i o r  t o  touchdown. 
naaxidtrm t h r u s t  a t  any time during the 73'3 second engine duty the. 

Descent Maneuvers - i)ynamic loade  during descent are due t o  the 
Signif i -  

Accelerations are calculated ascuninQ, 

Late ra l  Accel. Rad/Sec I{ad/Sec 2 
Phase Ver t i ca l  Accel. 

e a r t h  g ' s  e a r t h  g ' 6  a!) aut i l . t J 3 U t  

X Y and z Y and Z x 
I 

A t  Separation + .45 - + .04G +.2G +.E 
E l l i p t i c  Orbit  + .47 - + .046 +.2G - +.13 
S t a r t  of Hover +1.00 I + .IO0 - Te 42 +.26 
End of Hover - +1.10 - 

- 

+ .112 +.47 - +. 31 
- 0  0 Tranefer Orbit 0 0 

3.3.3.4.2 
systems are capable of producing the acce lera t ions  given i n  3.3.3.4.1 above,. 
I n  addi t ion  the Reaction Controh System cmbined with the Descent Engine must 
br ing  the LEM a t t i t u d e  within 5 
with in  the following limits a t  impact on the lunar swface. ( R e f .  1, P g s  92 & 

Local Vertical Velocity Local Horizontal Velocity Pitch/I ,oll  - Ibte Y a w  a t e  

1 0 f p s  S f p s  .25 laci/Sec. .2> itau/St 

Lunar L a n d i q  - A t  touchdown the  prupulaion and Reaction Control 

of - - -  local v e r t i c a l  and must hold the LE24 motion 

137.) 

Cr i t ica l  impact load6 during lunar l anding ,  r e su l t i ng  frcm the l imi t ing  rates 
given above, occur f o r  the i n i t i a l  l e g  impact and f o r  the "rock back" o r  secon- 
dary ixpact.  

2 
Ver t i ca l  Accel. Lateral Accel. Bad/Se c 

E a r t h  g's (Y o r  Z L  &3dt Y or Z 
-7 

E a r t h  8's (X) 
I n i t i a l  
Contact 8.0 (10-20 m s )  0 +14.0 
Rock Back 0.  +8.0. (10-20 a s )  - +14.0 
3.3.3.4.3 Ascent and Rendezvous - Loads duc t o  ascent e k i n e  t h r u s t  an? 
Reaction Control System are c r i t i c a l  a t  minimum weight j ue t  before dockiw.  
The penniaeible Closing ve loc i t i ea  f o r  docking do not exceqd the  followiw: 
Reference 11. 

Anmi1 c a r  11-1 W4f.v ..A*-- . *e--- -.r 0 3  2 -  X T - 3  +.- Closing 'veloci ty  O l U G  WCAVI. A UJ 

Z X or  Y h y  A x i s  
.I t o  1 f t / s ec .  .5 f t / s e c .  1 I)egree/Sec. 

Docking loads are estimated. 
e Rad/Sec' Rad/Se e2 

V e r t .  Acceh. g's Lateral ACceL. 6 ' 6  at aut 3b3Ut. 
X Y e n d Z  Y and z X 

Maneuver 1.04 
D o c k i n g  0 

0 
-4.0 

- +I. 25 
G 
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3.4 'i 'ransportatioii,  J r ~ ~ i ~ :  l a r d i n g ,  UKI L t o r w e  - '.?-lis c r i t e r l a  
presents  the  natural a n d  induced cnvirunmt r i b 6  associated w i t h  trans110rtation, 
ground handling and s torage f o r  LEM unc:/or inciiv1,lual item. 

Criteria i s  presented for g r w c  equi;mcnt durinL support of 
TXM arc!/ur inii ividual items ,an(! wlien sub jectec: t o  iritiuced acce lera t ions ,  [ shocks w d  v ibra t ions .  

3.4.1 Gene m l  

I 3.4.1.1 k r i n i t i o r i  - For !,he l ) q o s c  of t h i s  sect ion,  a package i s  ciefinec 
as followa: i'he package is t h t  c m p l c t e  ready-for-sl~lpaent uuter  container  
Loaded with its item, and including; i n su la t ion  an2 other  spec ia l  i n t e r n a l  
supporte. 

3.4.1.2 Stmc tUra l  E ' a C t O r f 3  O f  Safct, For ;r ulld Ecuiment  

3.4.1.2.1 L i m i t  Load - Limit loads  arc serv ice  level loads. 

3.4.1.2.2 C'ltimate l a c t o r  - For ground support equipment and shi-ypily. con- 
tairiers the ultimate f a c t o r  i e  not t o  be less than 3.0 applie? t o  l i m i t  l o a c ~ .  
A t  l i m i t  loatis times the ultFmate l o a d  i a c t o r  bf sa fe ty ,  then  i s  t o  be no 
iailure of structural menbers. 

3.4.1.2.3 
tairicrs the y ie ld  f a c t o r  i s  defined i n  3.2.1.1 and shall not be less than 2.0. 

3.4.1.2.4 I'roof i a c t o r  *or Pressure Vessel6 - &or gruund support equtpmcnt 
and shipping c m t a i n c r s  the proof f a c t o r  is  d e f i n e u  i n  3.2.1.2.1 and shall be 
not lese than 2.C. 

3.4.1.2.5 
proof load acceptance tes t .  
capable of perfoxming the require5 service.  L'he proof fact ar sha l l  be not less 
tllan 2.0 tiIIE.5 l i m i t .  

;.L.1.2.LJ 
7 are the lateral axes. 

3. L .1.? 

Yicld l 'actor - For ground support equipment and shipping con- 

Proof kctctor f o r  Clings - All slirqs w i l l  be subjected t o  a 
After  exposure t o  proof load  the sling shall t~c 

Crienta t ion  - The X - a x i s  i s  the normal v e r t i c a l  axis. 'The k ancA 

Other L'nvirorlmentalk'actors - Use the f a c t o r s  of 3.2.4. 

! 

I 
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:< .4. Packwe Natural  Environments 

3 '4 .  .I 
50,000 Y t  . alt l  tude.  * 

Pi-esnures - Atmosphevic. pressui-e cori-espondiry: t o  sea l e v e l  t o  

/ 
3.4.  . Temperature - -65OF t o  1600F. 

3.4.. .j 
t ion.* 

Humidity - 0 t o  100 percent r e l a t i v e  huniiciity includinr,  conuensa- 

3.4.:'.!+ _I_ Rain - Rain as i n  Method 506 bIIL-STD-8lO-(USnF) 14 June .L?@.* 

: .4 .2 .5  
a l e n t  t o  a spray ~ i '  5$ salt  so lu t ion  i n  water f o r  50 hours).* 

S a l t  Spray - S a l t  cpi-ay a5 encounter-ed i n  a beach area (equiv- 

3.4 .L  .6 
140 mesh s i l i ca  f ' lou; :\Vith p a r t i c l e  ve loc i ty  up t o  ;OOO i'eet pel. minute.* 

Sand and Dust - A s  i n  desert and ooean/beach areas, equivalent  t 

3.4.: .7 F'uwus - I n  accordance with 508, M I L - G T D - ~ ~ O  (USAF) 14 c J j L r ~ (  i 1 1  . 

3.4.2.8 - Ozone - Exposure with .O5 parts /mil l ion concentration (l/( To : 
l i m i t )  .* 
3.4.3 Package Induceci Environments 

3.4.3.1 
lateral (Y,  z axcc).  

3 . b .  3 .C 

Sustained Accelerat ion - ' , .67 g v e r t i c a l  ( X - m i E )  .Jitk, - .Q 

HoistinC; Acceleration - Tcro separate  conuitianz: 

2.0 e i n  d i r ec t ion  of ho is t ing  a) 

b)  : .67 6 J  Ve r t i ca l  (X-axis) with 1 . 0  [: Lateral \rio:mal t o  
X - B s ; i t )  

3.4.3.; .1 
be appl ied on any one r* i% o r  any c-ombination of r ings,  whichever i s  c r i t i c a l .  

Hoistin& with L i f t  Rln&s - The ' .O g hois t ing  s h a l l  be considerect t o  

3.4.3.3 
111. See Table I1 (a ) .  Shock on E y i n e  i n  spec ia l  container  see ( R e f .  1.: ) .  

Shock on IJW Vehicle i s  t o  be supplied (prel iminary 8 c: 1 0 - L O  ms). 

- Shock - A s  i n  MIL-STD-~~O (USILF ) 14 June 196 Nethod 5 l C  - procedure 

3.4.3.4 
Table I1 ( a r  

Vibration - A s  i n  MIL-STD-810 (USAF) 14 June 136: Method 514-t see 

3.4.3.5 
NIL-STC-810 ( U W )  14 June 1962, Method 511 t o  p ro tec t  aga ins t  f u e l  l e a w e .  

3.4.3.6 E l e c t r o - W n e t i  In te r fe rence  - In  accordance with UP-530-001. 

Hazardom Cases - Explosion proofing requi !*ements defined i n  

* Ambient environments ex te rna l  t o  packaze. 
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3.4 .4  

_? . 4 .4 .1  Pi-essure - Atxiospherj pressure coi -espondinj t c  sea lev31 
(8e:metically realed unl t s  Ins t a l l ed  i n  the  crew compai.tr,cnt vi11 be subjected 
t o  a L i m i t  pressure  of' L O  p s i  ahsolute durin,. p re i ' l i rh t  che1:l:out). 

3.4.4.: 
B.T.U./ft .  ' hr .  Golar i-adjation up t o  t hourr per  da,,. 

Unpavka(:ed Equipnicii t Item Natural  Erivimnmeritc 

Temperature - -:O°F t o  llO°F arrbient a i r  tcnipcrature p l u r  LIC 3 

1 .4.4.5 
c a t  ' on. 

Humidity - 15 t o  100 percent r e l a t i v e  humicity inclucinc conclen- 

3.4.4.4 Ozone - Same a6 3.4. .8 

3.4.4.5 - Rain - Same as pal-acrrnph 3.4.2.4 except no d i r e c t  im-pi:i;rement. 

3.4.4.t  nalt Fol- - A s  i n  L i IL-~~TD-810  ( U W )  14 June l9C; Nethod 509. 

3.4.4.7 Sanci and Dust - Same as paragraph 3.4.>.6 

? .4 .5  Ulipackaged E lu ipmnt  Item Induced Environment s 

3.4.5.1 
(Y, z axes) .  

zustainec! Accele-at ion - : . C 7  i: v e r t i c a l  ( X - a x i z )  s;ith 1 .0  lateral  

3.4.5. r  Hoistirq: Acce le ra t im  - Two separate  conditionr:  

> .O g i n  d i r ec t ion  of h o i s t i q - .  

'2.67 & v e r t i c a l  (X-axis) .";ith 1 . 0  i la te]-a1 ( n o m 1  t o  X-a. i L )  

a )  

b )  

3.4.5.- .1 hoistin[: s h a l l  be considered 
t o  b e  applied on any one r ing  ~ i '  any combination of rin,;s ,/hich ever i s  
c ia i t ica l .  

Hoisting wlth L i f ' t  Fiinrc - The r . 0  

'.4.5.3 
peak , u t  m d i f y  shock pulse  t o  a saw too th  ll + 1 m s  r ise,  1 r 1 m s  decay. 
Sui t a t l y  paadeci work bench surfaces  w i l l  be ava i l ab le  foL.  the-equipment item. 
?ha -k IO?. LEN Vehicle w i l l  be supplied. 

Shock - Will not exceed. NIL-ETD-~~lO Method 516 procedure I, 15 I- 

z.4.5.4 
peqendicuh-(X, Y and Z )  successively.  

Vibration - Vibration applied alorir each of the three  mutually 

Total v ibra t ion  time i r i l l  be determined f o r  each i t e m .  Vibi-ation 
amplitudes and times w i l l  be supplied later for. LEN Stmc tu re ,  & LR4 Vehicle. 

For Vibration k v c l s  see Table I1 ( b )  

3.4.5.5 
requirement defined i n  MIL-STD-810 (UUF) 14 June-19t: Method 511 t o  p ro tec t  

Hazardous Gases (Exposed Equipnent On], 1 - Ekplosion proofiry: 

aga ins t  f u e l  l e a k w e .  
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4.1.1 
be invcc;tigatct'i by ,ubcart rnctors  fDr e f f e c t s  3n LEM equi;)rnent cteci(:n. 

o r  less, inay bc suscey,table t 3  rad ia t i3n  damage and nay require  spec a1 
desir:n c3nsidcrat i3ns.  

Natural  En..- ironmcnt - Charged p a r t i c l e  r ad ia t  ian s h a l l  riat 

Power t r a n r i  - t a r s  having a law a l p h a  cut-3ff frequency D f -  - -  ne{ p c y c l c  s 

4.1.1.1 
r ra f t  env i rmaen ta l  ana lys i s  are presented i n  reference t 3  t h e i i -  s x r c e s .  

Charged P a r t i c l e s  - Char[:ed p a r t i c l e  f luxes t 3  be used f3r space- 

4.1.1.1.1 
presented as a MD(1F.l  SdaY Etrent and t h e  pmbab i l i t y  3f encDuntcr fDr twa 
s p c c i f i c  cases a r e  given bel.)w Ref. 10. 

SDlar Phenomena - The hazards assac ia ted  with an a c t i v e  Sun a r e  

- 4.1.; .I.: .I 
d e s i - n  i s  defined, i n  general ,  as fallDws: Ref. 10 

Xodei Sdar Brent - 'l'm t.i.xlei Solar hkent t:, be used in  LEM 

N (  > E) = 19.ON(> 30) expo (-12.5'2) 
where 
N( > E)  = nunber ~f p r o t m s  with eneril;3.' g r ea t e r  than ti. 
P = t h e  r i g i d i t y ,  ar amentun  per u n i t  change, BV.(BV = 199 V j l t .  ) 

= [(E -F &$2)2 - (N$"q 2 

e 

4.1.1.1.1.2 
Event is  t 3  be divided i n t o  two spec i f i c  cases. (Ref. 10) 

P m b a b i l i t y  3f Ehcmnter - The general  equat , ;m af the M x l e l  71.a1. 

Case I: T h e  event i n  t h i s  case is t h a t  event z~btaincrl by assui;  - 
a 1% probabi l i ty  t h a t  a mission w i l l  e n c x n t e r  mre  than N pratons abme 2 

spec i f ied  energy l eve l .  This event i s  defined by: 

Case 11: T h e  event i n  t h i s  case i s  t h a t  event Dbtained by assunin :  
t h a t  i f  an event i s  encmntered t h a t  t h e  p m b a b i l i t y  Jf t h a t  event having ?ore 
than N p r o t m s  a t  a spec i f ied  enertg l e v e l  i s  1%. This cvent is  defined by: 

?{(>E) = l5.? x IC10 exqL(-12.>F) 

4.1.1.1.2 
t i m  bel t s  i s  presented i n  Fie.  19 (I 'xhibit  B ) .  

V m  Allen Radiation Belt2 - A descri;) t ion D €  t h e  Van Allen radia-  

4.1.1.1,2.1 
l a t i tudes  3f Edeerces  north and 40 degrees s9utb Due t 3  t h e  dffferencec i l l  

t h e  gemq;net. ic and geocent.ric ; n h e s  and inhomqyxci t ies  i n  t h e  e a r t h ' s  :nag- 
n e t i c  fLel(i, the bottom ed[.;e 3 P  the  inner  zmc!  var i e s  wit.h lani_:itude 200 n i l e s  
i n  a l t i t u d e  a t e ?  t he  east wast af E:G+:!-~ hner ica  (300" east l m g i t u d c )  t a  &3@ 
miles in  a l t i t u d e  wer the  East Indies  (ilijo east l m g i t u d e )  and peaks i n  inten- 
s i t y  at an a l t i t u d e  si' 1 x lo4  km from the  earth?:;  magnetic axis. 

Inne r  B e l t  - The inner belt i s  concentrated between the  gema;;netic 
P 
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4.1.1.1.2*2 
latitudes of 60' North and 60' South. 
belt, peaks in intensity at an altitude of 2.2 x lo4 km from the earth's mag- 
ne ic axis, and decreases to a minimum at an altitude of approximately 4.5 x 

Outer Belt - The outer belt is concentrated between the geomagnetic 
It starts at the bottom of the inner 

10 t km. 
4.1.1.1.3 
shown in Figure 26 of Exhibit B which represents the cosmic ray flux. 

Space Background - The corpuscular radiatim shall be cmsidered as 

RLPORT m-520-1~ 
DATRev. 15 HCW 1963 Contract No. Wg-1100 

G R U M M A N  A I R C R A F T  C N G l W l ! l R l N G  C O R P O R A T I O N  



4.1.1.2 
f o r  Spacecraft environmental analysis is  presented i n  reference t o  i ts  source. 

Electromagnetic Radiation - Electromagnetic rad ia t ion  t o  be used 

4.1.1.2.1 
cove r iw  the  spectnun from 60 angstroms t o  1300 angstroms is given i n  Figure 21, 

Solar  Radiation - The electromagnetic red ia t ion  from the Sun 

fm 1360 angstroms t o  2000 angstmms is  given i n  Flgure 22, and f r o m  .2 microns 
is  given i n  Figure 23 of Exhibit B. 

4.1.1.2.2 Earth Radiation and Reflection - The Earth 's  albedo s h a l l  be con- 
sidered as 35 percent. 
absorbed and some re-emitted as thennal radiation. The spectrum for t h e  Ear th ' s  
albedo a t  l o c a l  noon i s  given i n  Figure 24 of Exhibit B. 
center  of t h e  dark s ide  shall be considered t o  or ig ina te  f r o m  a 251' K black 

The remaining 65 percent shall be considered t o  be 

The rad ia t ion  a t  t h e  

body 

4.1.1.2.3 

t o  1350 angstroms. 

Background Radiation - T e background rad ia t ion  from c e l e s t i a l  
sources shall be considered t o  be 10' t: ergs/(cm2 x sec) i n  the in t e rva l  1230 

4.1.1.3 Pmtec t ion  Criteria 

4.1.1.3.1 
s h a l l  be t h e  average yearly exposure tabulated i n  Figure 5 of Exhibit B. The 

Radiation Exposure L i m i t  - The nominal b io logica l  dose l i m i t  

emergency dose limits sha l l  be-the maximum permissible, single acute emergency 
dose as tabulated i n  Figure 5 .  
shall be calculated and compared with the dose limit given. 
exceeds the  emergency limit, MSC must be not i f ied .  . 

The bio logica l  dose of paragraph 4.1.1.1.1.2 
If the  dose 

4.1.1.3.2 
be based an t h e  model presentation i n  Figure 6 of Exhibit B. 

Models of the Radiation Standard Man - Dosage calculations shall 

4.1.1.3.3 
paragraph 4.1.1.1.1.2 sha l l  be evaluated and materials selected wherever 
possible which a r e  unaffected. 
3r d f u n c t i o n  due t o  rad ia t ion  exposure, an evaluation must accompany t h e  
request t o  MSC f o r  approval of the  material. 

Materials - The e f f e c t s  sf exposure t:, the S l a r  Event of 

Where materials'must be used which de te r io ra t e  

4.1.1.4 
f l u e s  i n  t h e  Van Allen rad ia t ion  belts plus all  of t h e  sources of electm- 

Natural Radiation Mission Envimnment - The charged p a r t i c l e  

magnetic rad ia t ion  enumerated i n  Section-4.1.1.2, sha l l  be considered f o r  
Earth o r b i t a l  missions. 

f o r  lunar missions. 

The complete na tura l  m d i a t i o n  envimnment enumerated 
Sh&l be c'cnsideered _I.. L A  SC;LlrLUlI -,.+:e... k.l.1, exekG6:ng the 'lm filer: rzdfa.ti3n belts ,  
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4 .1.2 Induced Radiation Consideratione 

4.1.2.1 
present due t o  t h e  operation of spacecraft equipment. 

Radio Frequencx - The fallowing radio frequency energy w i l l  be 
The output power is 

e f fec t ive  a t  the antennae. 

POWER - 
DSIF 2100-2300 mc/sec 20 Watts 
Voice Communication 250-300 mc/sec 10 Watts 
Tracking Radar X - Band 500 M i l l i w a t t  
Radar Altimeter X - Band 60 M i l l i w a t t  8 

L 
4.1.2.2 T h e d  - When the environmental cont ro l  system is operating, the < 
cabin atmosphere v i11  be a t  a temperature of 70 t o  80 degrees F. < sphere w i l l  be 100% oxygen at  a pressure of 3.5 t o  5.0 psi.  

I 

This  atmo-- 
"he r e l a t i v e  

humidity w i l l  be between bq6 and 70s. 
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4.2.0 

4.2.1 
be asse  
a c t  

Meteom id  Considerations 

Envirmment - The hazards inv9lved i n  encountering meteorsids will 
ed on sporadic a c t i v i t y  o n l y .  The f lux cms ide ra t ions  f D r  sp9radic 

i v i t y  s h a l l  be based on the  cometary and a s t e ro ida l  d i s t r i b u t h n s  presented 
i n  Tables V-A and V-B. The t o t a l  hazard is exposure t o  the  c m b i n u t i m  of 
these d i s t r ibu t ions .  This environment shall apply f o r  Ear th  o r b i t a l  and Lunar 
rnissims. R e f .  10. 

Meteoroid environment s h a l l  nDt be invest igated by subcontractors  
f o r  e f f e c t s  on LEM equipment design, except f o r  e f f o r t  during negot ia t ions.  
Subcontractors w i l l  be advised i f  effsrt  i s  required. 

4.2.2 
hazards w i l l  be based on no meteor penetrat ion of c r i t i c a l  exposed areas, and 
will u t i l i z e  t h e  f d l o w i n g  meteoroid pene t ra t ion  equation: 

Pmtec t ion  Criteria - The design f o r  pro tec t ion  against  meteoroid 

p/d = 1.5 (2.28) (pm/ptIe 

whwe p/d is penet ra t ion  depth/meteoroid diameter; pm/pt i s  mete9mld dens i t y /  
t a r g e t  material density;  V/C i s  ve loc i ty  of meteoroid/speed Df saund i n  t a r g e t  
material; e = 2/3. 

Tank w a l l s  t h a t  are stressed due t o  f l u i d  pressure contained 
t h e r e i n  are not t o  be  considered forming a part of t h e  meteoroid shield. 

/,- 
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4 . 3 Lunar Surf ace bbdel  - 
4.3.1 
t h e  sur face  a f  t h e  noon i s  1Cn.O ca,'secL (5. 51; f t / s e c L ) .  

Gravity - The man accelclr%ti.>n due t o  t h z  'nmn':: Gravity a t  
This  is 

equiva lcn t  t o  1/6.95. 5 t i n e s  t h e  standard sur face  ( - r s v i t y  a f  t h e  e a r t h .  

4.3.2 Pressure - The atmaspherte presaurc of t h e  man doe:; nat 
exceed 13-lo m of &. 

4.7.3 

on t h e  b r igh t  s i d e  t 3  -185' ( - < O O ° F )  on the  dark silk if t h e  
i a l i a t i 3 E  i.; 440 BTU/sq. f ' t . /hr .  The t h e m a l  albedo f~ 9.124. 
cani luct ivi ty  ( k )  o f  t h e  l u n a r  surface l a y e r  i s  3n t h e  o r l e t .  3:  

c-n/"K 1Jith a dens i ty  ( i j )  o f  .1 t o  . Z  t - i  c i  
.2 C d , , y n o K .  

Thernal - The surface tempcrature v a r i e s  between +123"C (?>Joy) 
The solar 

' T h e  t h e m a l  
f rrl .:c :, 

i' .I t:, and a s1)ecific hea t  ( c )  r: The prDduct of kpc 1s: on t h e  2rder of  1,-6 Calp/scc/cn / O K 2 ,  

L;.-+;3*1 
avcraC;e value a f  0.37. 
and as hi6:h as 3.lJ 3 r i  mmritain slape:;. 

V i s i b l e  Albedo - The v is ib le  nlbed3 D f  t h e  luri-lr sur face  has a n  
The l o c a l  value is  as law as 0.06 i n  sme c r a t e r  f l m m  

L . - ) . b  
use6 for t h e  LE24 l a n d i w  s i t e  I s  shawn in F i j p r e  :,, which is sane as P i p i r e  
24a Jf Exhibi t  B af t h e  L D l  cont rac t .  The surface bearin:-  s t rcnc l . t in  a:;sd.mi 
for desi::n are 1 2  ps i ,  f o r  t h e  dust l ayer ,  200 p s i  f o r  t h e  mck f m t h  and 
400 p s i  f o r  t h e  semi-continuous rock l a y e r .  
af 4.3.: i s  cu r ren t ly  under s tudy f o r  v e r i f i c a t i o n .  

Landinf; S i t e  T o p a g r c i ~ j  - The s n d l  s c a l e  LL3.,)!-ra!)hJi t o  be 

The d a t a  D f  th-is paragraph and 

4.3.4.1 
v a r i e s  c3risiderably t h c  follawi.nC: engineer in& design node1 w i l l  be used i n  c m -  
figurin;: t h e  landing gear:  Ref. 10 

Lariding S i t e  Ergineering Desi,;n & d e l  - Since t h e  l u n a r  sur face  

($7") Fqjj--- 
Slope - (Referenced t o  l o c a l  horizzmtal)  = 5" t '24" 

Where % = Overturn-ing Radius 

This  is  an  "e f f ec t ive  slopel' that ,  is  it incl-udes any depressioris, p m -  
tuberances 3r s o i l s  mechanics e f f e c t s .  Ref x e n c e  F i , y e  ji'3. 

Protuberance Height, = 2k" maxi.num - neasured up from the  
h ighes t  plane f?xmed by the gear pads. 

Bearing S t rength  - Pa4s s i z e d  t o  support t h e  LE3 3n a 12 PSI 
sur face  f 3 r  t h e  rllaximim v e r t i c a l  ground reactiDn. 

-* Coeff ic ien t  3f F r i c t , : x  - Sliding 0.1 t:, 0.8 and h l l y  c m -  
s t r a ined .  Assume mn;-tmt f a r  any given s t a b i l i t y  p l o t .  

The maxinum horfzontd .  velac$t-j i r  5 feet  ler ,;ecsrid in any d i r e c t i m  and 
s t a b i l i t y  i s  t o  be assure? Tinder t h - w  coni l f t rms.  

REPORT LID- 520-1~ 
Contract  ND. NAS 9-1100 Rev. DATE 15 Nov 1363 
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4.4 -Tolerance &its 

4.4.1 
shall be 7.6 am of Hg- Maximum. 
Fiaure 2 of Exhibit E). 

Carbon Dioxide - The carbon dioxide partial pressure nominal limit 
The emergency limits shall be as indfcated in 

4 .6 .20  Cabfn Temperature - The cabin temperature non-stressed limits ehal 
be 70 F minimum and ROuF maximum.. The streseed and emergency limits are preeen- 
ted Ln Figures 3 and 4 reagectively of Exhibit 8 .  

4 . 4 . 3  Cabin Relative Humidity - The cabin relative humidity non-otreered 
limits shall be 40 percent minimum and 70 percent maximum. 
emergency limitr ehall be as indicated in Figures 3 and 4 respectively of 
Exhibit B. 

The rtrersed and 

4 . 4 . 4  Radiation Limits - The radiation limits shall be a specified in 
i . 1 7  .) -?.a. L .3. 

4.4.5 
55 db in the 600 cps  to 4800 cps range. 
mum noise level whlch will permit comnunications with the ground and between 
crew members at all thee. The emergenc.y limit is presented in Figure 7 of 
Exhibit B. 

I Noise - The noise non-stressed limit shall be 80 db overall and 
The rtresoed limit shall be the maxi- 

4.4.6 Vibration - The vibration stressed, non-rtreseed and emergency 
limits are presented in Figure 8 of Exhibit 8. 

4.4.7 Sustained Acceleration - The eustained acceleration limitr rhall 
be as presented in Figures 9, 10 and 11 of Exhibit B. The rurtained accelara- 
tion performance limite are defined as the maximum sustained acceleratibn to 
which the crev shall be subjected and still be required to make decdeiona, 
perform hand controller taeks requiring visual acuity, etc. 

4.4.0 
gancy limits shall be as indicated in Figures 12 and 13 respectively of 
exhfbit B. 

. 
Impact Acceleration - The impact acceleration nominal and emer- 

5 .O Stnunary of Simultaneous Conditions - Table XI. 
6 .O Weight and Balance - Table XXI. 

- -  
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TABLE; I LE74 MISSION TIMES (L) 
N3irmt.l  Mi 6 s  i 311 

- ~ ~ _ _ _ - _ _ .  Qn 
1.1 Acceptance and other t e s t s  - 
1.3 LIOMS - 1.2 coun'wown a l l  

2 .  hunch and Earth Ascent I1 

3. Earth Orbit (90 Minutes/Orblt) 
4. Translunar - 
5 .  I n i t i a l  Coast - t o  Clear h e r  B e l t  'I 

5 .  Trtmsposition 11 

7. J e t t i e o n  S IV )3 None 
8, Translunar Check Out - 
9.- Continue Translunar ._ Trip . . . I----.. A_-- None 

-- 
11 

11 

~.. ._ 

2-9 T h G c h  &d Translunafi 

10. Inser t ion  i n t o  80 N.M. Lunar Orbit 
11. Complete 1/2 Orb i t  a t  80 N.M. 
12. LEM Check Out - Half Orbit  a t  

13. Continue ~ i n  80 N.M. Orbit 

~ ._ ._______--.___.---__I_--- 

T-I---- - .. .- - ._ 

80 N,M. 

10-13 (Lunar O r b i t r  
_.____..._.__.__.._._.._I.._ _- ---- _--. .- 

14. Separate 100 feet 
15. Orient LR4 and Prepare f o r  Deecent 
16. Inser t  i n t o  Elliptlcal Orbit (Sync) 
17. Coaet  One Complete Orbit 
18. C o a s t  t o  ~ 0 , 0 0 0  f t .  Pericynthion 
19. Retro t o  20 I?* Mi. of Iandlng Site 
20. Final Powered Descent t o  1000 f t .  
21. Hover t o  "ouchdown 

... .~.. . ..- ___. ... __ ~ .- .- . ._ . .. 
14=21^(1iunar ~ e s c e n t )  

11 

n 
11 

(1 

n 

11 

I1 
- . .-. 

1 Tine 

hum Fmum 

noria 
' 
24W 

t 
Crew Min- N : m i r i a l  (MP) M a x - ,  

- . -  - 
I t  

11 

" 

- - - 12M 
18OM 
5M 

9abl 
4.m 

l1 12224 
0 

11 

8. Powered Ascent t o  50,000 Circ. Orbit 
24. Orbit  Contingency - C o a s t  i n  50,OOO 

22,. Lunar S t a y  

25. Insert i n t o  In te rcept  Transfer Orbit 
26. Coast i n  !bansfer Orbit  
27. Midcourse Correction (use R.C.S,) 
28. Rendezvous from 30 N.M. t o  500 f't. 
29. Dock from 500 f t .  t o  Contact 
30, !!!EEl_cfer c r e w  

23-30 

Orbit 

11 

A l l  
+--. --- -----I-- 

I_ 

2-30 
D. 

A .  Asaent Engine r a t i n g  Time (Not including 6 0  scconds 

Desoent m i n e  Opensting "be (Not including 135 eec~&dr 8. Pa 

6.07% 
735 \ g*hyCh &eck)i(Duty cycle time i n  Ebgine Spec. - 

s e c m  8 

I pmlawch cycle time i n  -:ne Spec.-442 se  . ' I (1.1 ,IJBI 2d~tiaa -See  2.3.9 (ref. 9 )  s ~ m  qf (QL 7 "  -; 4811 
fmm e a r t h  lsurich (mf.  9)  1 , 0 . 3 H  = b . 6 H  + 1J.m 
f m m  earth aunch nominal & mx. i n  iayS 3 5 5Dws day1 

Phase tref'. 
I M nimites 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
emc.ia ~~ 



Notes: 1. 

r) i. 

i" 

4. 

5 .  

6 .  

7. 

a. 

9. 

19. 
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TABLE: I1 
MISSION UVELS 

ENVIROlWENTAL AND LOAD CONDITIONS 

Fac ta r s  of s a f c t y  are n s t  included i n  t h e  levels spec i f i ed  
he re in  and s h a l l  be applied t z I  t h e s e  values and s&f- 
generated s t r u c t u r a l  lzIads of each subsystem. The levels given 
are t h e  m a x i m u n  expected. 

a. 

b .  Ground equipnent ref. 3.4 
LEM/or ind iv idua l  itens ref. j . 2  

A l l  a cce l e ra t ions  are "ea q.Jh c ; ' s " .  
weight 3r use 32.2 f t / s e c .  as appropr i a t e . ( s ign  convl - page 23) 

Mult iply by e a r t h  

Vibra t iona l  spec t r a  shown gives s t r a i g h t  l i n e s  3n a 
lop13E; p l o t .  

Packaged and unpackaged - Pre-launch t r a n s p o r t a t i o n  handlinf: 
and s torage  type o f  package. 

Cabin - t h i s  includes the  crew csrnpartment and t h e  equipment 
tunne l  that will be pressurized.  

Equipment bay - Equipment bay i n  e i t h e r  t h c  Ascent s tage  

) 
Descent stage ex te rna l  t o  t h e  cabin.  

Itailiation - applied t o  ex te rna l  and i n t e r n a l  items. 
R e f .  para. 4.0 and 4.1. . 

Xcteoroids - appl ies  t~ ex te rna l  items only. Ref. para.  4.2 

.External sur face  of t h e  LEN - t h i s  i s  t h e  hea t  sh ie ld .  

and 4.2.1. 

Plume induced envi roments .  

b. Engines - w i l l  be  sper.i_ficrl 

a,  RCS - w i l l  be spec i f ied  

:on t rac t  NAS 9-1100 
REPORT m-520-1B 

Rev. DATE 15 Nov. 1963 
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TABU I1 

MISSION LEVELS 
ENVIRONMENTAL AND LOAD CONDITIONS 

Accelerat ion:  (n s )  

Transportat ion,  handl ing and s t o r q e  
in shippinp conta iner  s h a l l  no t  
produce c r i t i c a l  des ign  loads on the  
LEE and s h a l l  no t  i nc rease  weight of 
t h e  LJD. 

2.C7 v e r t i c a l  with 1.0 lateral, 
appl ied  t o  the  package. 

Shock: ( n s )  

V i  b r a t  ion : ( n s )  

2.0 F: i n  d i r e c t i o n  of' h o i s t i r y  (when 
r i n c s  are used, cons ice r  appl ied t o  
any one o r  any combination of' ?.in(-s). 

Shock as i n  n1~-sn;-81o (USAF) 
14 June 136; Method 516 Procecure I11 
(Except; LT4 Vehicle, which i s  t o  be 
supplied ) . )i- 
The followin(: v i b r a t i o n  l e v e l s  are 
spec i f i ed  during tyanspor ta t ion ,  
handling anci s to race .  V1b:-ation t o  
be appl ied ,  a lone  t h r e e  mutually 
perpendicular  a>.es, x, y, an6 I, t o  
the  packwe.  

(Time: 1 / L  Octave pel' mimte, t h i e e  
t i i  e s  per  a x i s  i ' m m  5 cps t o  mi;: cps 
a d  back to 5 cps ) .  

For 100 lb. o r  less Fo. 200 It. o r  more 

cp s g o r  D.A. cp s < ,  .-ir D.A. 
5-7.2 .5 i n  D.A. 5-7. .> i n  L.A 
7.2-'6 + l . 3  g 
2b-5< ,036 D.A. i 6-5 . O j 6  E.R. 

7. -26 +1.: ~ - - 

(f) f o r  100 t o  3W ~ ' D S  - use f i g u r e  514-8 
Method 514 MIL-STD 810 ( U W )  14 June 
1~x2 f o r  m i m u m  Yrequency. 

* Pressure  Atmospheric p re s su re  corresponding 
t o  sea l e v e l  t o  50 
- 6 5 O F  t o  +16OoF. Temperature - 

@ For packaged i n  s p e c i a l  container  ( r euseab le )  see LSP-420-%1 - a p p l i e s  t o  
Engines, Fue l  C e l l ,  and conipoiients of' RCS, and ECS. 

REPORT LED-520-1~ 
Contr.act No. NAS 9-1100 DATE Rev. 15 Nov 1963 
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MISSION LEVELS 

ENVIRONMENTAL AND UXE O X T I O N S  

( 8 )  Pre -hunch  - P a c h e d  (Continued) 

* Salt sprey: (nc)  

* Sand and Dust (nc )  

Fungus: 

* Hazardous Gases 

* Eleetromsgnetic 
In t e r f e rence  : 

0 t o  100 percent  r e l a t i v e  h m i d i t y  
including condensation, 

Rain as defined i n  Method 506 MIL-STD 
810 (USAF ) 14 Ji.ne 1962. 

S a l t  Spray as encountered i n  a beach 
area (equiva len t  t o  spray of 54'0 salt 
solutgon i n  water for 50 hours ) .  

As i n  desert and/beach areas, equiv- 
alent t o  140 mesh screen si l ica f low '  
up t o  500 f.t/min (up t o  2000 at  W S ~ )  
a t  700 +200F as in Method 510 MIL-STI;, 

c 

810. 

I n  accordance w i t h  Method 508, MIL- 
STD-810 (USAF) 14 June 1962. 

h p o s u r e  with 0.05 par t s /mi i l i on  ,:on- 
cen t r a t ion  (l/> t o x i c  limit). 

Explosion exposure as def ined i n  
Method 511, MIL-STD-810 (USAF) 
14 June 1962. 

I n  accordance w i t h  LSP-530-001. 

* 

~ ~~ _ _  ~ 

Combine +1.0 g with the v i b r a t i o n  
acce le ra t ions .  

Not simultaneous loading condi t ions  
a t  these  levels. 

Not simultaneous environment conciit- 
i ons  a t  t h e s e  bevels .  

. 

5 Ambient environment on outs ide  of 
package. 

REPORT m-520-111 
DATE Rev. 15  Nov 1963 

G R U M M A N  A I R C R A F T  E N b i N E E R I N G  C O R P O R A T I O N  
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TABEL I1 

MISSION LEVELS 

EMTXRONbW!lRL AND ILIAD CONDITIONS 

a 

(b) Pre-hunch - Unpacmed 

Accelemt  ims ( v )  1.0 v e r t i c a l  

(ns 1 2.67 e V e r t i . a l  wi th  1.0 g Lateral 

(ns) ll.0 g i n  d i r e c t i o n  3f h o i s t i n g  

Shock ( n d  Shock as i n  MIL-STD-810 (USIIF) 
14 June 196: Method 516, Procedure I 
Modified . Ri0dif;r shockpulse t c  

sawtooth 15 g peak 10-12 rise, O - < m  
decay. (Except LM veh ic l e  which is 
b be suppl ied.  

Vibration ( n 4  ,Same as pre-launch packaced bu t  
appl ied  t o  i tem. 

Ambient ground l e v e l  pressure .  
(Hermetically sealed u n i t r  i n s t a l l e d  
i n  t he  crew conpar-tment w i l l  be 
subjected t o  a l i m i t  p ressure  of 
20 psi absolu te  during pref 1if;ht 
checkout ) . 
-X)OF t o  l lO°F Anbient A i r  
Tenperature p l u s  360 B"u/FT% 
up t c ,  6 hr/day. 

Pres sure  0 

3 Tfenperature 

e 
UD-520-1B 

Cont tact  N1s 9-1100 ; R e V o A T t  15 NDV. 1963 
IUS  14YD 

I 

I 

I 



(b) Pre-bunch Unpackaged (Cont'd) 

Humlaity 

Rain 

Salt Fog 

Sand and D u e t  

Hazardous gaeee 

Electramagnstic 
Iateference 

15$ to looqb relative humidity including 
condensation. 

Same a e  packeged but no direct impingement 

Ae i n  MIL-sTD-~~~ (W) Method 509. 

Same a8 Pre-Launch Packaged 

8s k ? - b U n d h  packaged 

Saxne ae Pre-Launch Packaged 

?me a8 Au-hunch Packaged 

S e m  a8 Pre-Launch Packaged 

e 

O R U M M A N  A I R C R A f l  L N O l N t E R l N O  C O R P O R A T I O N  
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TAEB XI 

EMvIROIQI&NIIAL C r n I T X O M S  

Balt m y :  Not applicable 

Rmgua: Not applicable 

Oeoollr Not applicable 

Bsserdow Gas: (to be susplled) 

Efapsardautr Liquid: ( t o  be ruppltea) 



TABU I1 

MISSIOIJ  LEVELS 

EiWIRONMENTAL AND LOAD COTDI'iIOYS 

(a) Launch and Boost 

AcceEfn t ion : 
c- 5 

C-5 and L i t t l e  Joe I1 

Y 

. - .. 

Boost Cond . S-lC 
Max. q Cond. s-1c 
Cut Off Cond. S-1C 
Eng. Hardover S-11 
EM. Hardmer S-11 

I 
M a x .  q Cmd. 1+1.3 1 - k.78 - 
cut O f f  l o  ' 0  0 

V i b r n  t ion: 

The mission environment c m s i s t s  of the following random spectrum, 
(3') & ( 6 )  applied f o r  17 minutes along each of the three mutually 
perpendicular axes, X, Y and 2. 

( : I # )  Input t o  e\:uipment supports frcm e x t e r i o r  prhary s t ruc tu re .  

5-13 CPS 
13-15 CPS 
15-32 CPS 
32-45 cps 
45-850 cps 
850-1200 cps 
l.200-2000 cps 

.13 g2/cps Constant 
12 db/octaite rise t o .  
. jo  &?/cps Constant 
12 db/Octave decrease t o  
.068 g2/cps Constant 
12 db/Octsve Decrease t o  
.015 g2/cps Constant 

(b') Input t o  e4uipnent supports from interior primary s t ruc tu re .  

5-25 CPS .18 s / c p s  Conston't 
25-34 cps iz dbjOctnve decrease t o  
34-2000 cps -043 g2/cps Constant 

(2)  Para. 2.3.2 
--. -- 

S I V  B Ign i t ion  p r i o r  t o  E a r t h  Orbit 
& r e ign i t ion  f o r  t rans lunar  Boost. 

(3) L i t t l e  Joe I1 - 7 engines staged 
4 then 3 orrnngemnt.  

O R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  . 
~ 



TABIE I1 

~ - .  

Launch and Boost (Cont'd) 

Acmstico : 
Sound Pressure 
kve l s  Extern1 
t o  LE34 (re. .0002 
dynes/cm2) 

p r e c s ~ :  

Temperature : 

Humidity : 

Ea zardms Gases  : 

Electrcrmu gne t i c  
Interference : 

Rad 13 t i o n  : 

Meteoroids : 

Checkout 

Octave Bqnd 
( CPS ) 

10.0 t o  37.5 
75 t o  150 

150 t o  300 
300 t o  boo 
600 t o  1-200 

1200 t o  2400 
2400 t o  4800 , 

4800 t o  9600 
Overa l l  

g to 18.8 

C5 

142 
14 1 

Level (db)  

138 
134 
130 
123 
116 
110 
104 
147 

L.J. I1 
Ievcl (tlb) 

143 
1 5  5 
155 
1 5  5 
155 
14 3 
1 3 1  
160. 

Atmospheric ?t sea level 
(Zxcept i n  csbin which is 
Atmospheric a t  sea level t o  5.8 paia (9, C5) A i r ,  L ' T I  

unn fig (N- c5) Air, LJI'[ 
C !  

0 t o  +160°F Uncmtrolled cabin 
0 t o  +160"F Ecuipnent b y  
40 t o  100°F propulsion bay 

-15°F t o  +110"F ambient sea level 
-65 t o  165°F LEt.I's ex t e rna l  surf'nce 
-15 t o  +175 Around Fuel C e l l  

None on C-5; b-lO@ on W I I  

Same a s  prelaunch pack?g&. 

Same a s  prelnunch packaged. 

See Paragraph 4.1. 

Flux a s  swcificcl i n  Table V 
( f o r  ex te rna l  items). Ref. 4.2.3 

See Plvlloiinch unpackaged operat ing.  

REPORT LED-5 0-IB 
DATE Hev. 15 Nov 1963 

O R U M M A N  AIRCRAFT E N G I N E E R I N G  C O R P O R A T I O N  



I PAGE 

k c e l e r a t i o i l  (?) 
Boost Condition ( S - l C )  
k c .  q Condition (S-lC) 
Cut O f f  _Condition CS-lC) 
Engine ihrdover  
En&E IInrdover (G-11 
Ear th  Orbit 

TABLE I1 

X Y 2, - I 
I 
! 

G r \~d/SccL'  8 ' h d / % C t -  .I -R-,(]/Scc? 
- 4.7 - k .1 k . 1  - 

+2.1 - k .5 - 2.5 - - J <  - -2.6 - k.1.. - __ -. _- .- 
e . 3  t .G: - 
+2.3 - - - k.6: - - - 
0 0 0 0 0 0  1 

MISSION IEVELS 

Vibrat ion:  The nissi m environment c o n s i s t s  of the folloirinr: r. . L l . ' ~  

spectrum, ( 5 )  or ( b )  Clpplied f o r  17 minutes along e?ch  of t he  three 
nu tun l ly  wrpend icu la r  axes, X, Y and 2 .  

(:!) Input t o  eaquipnent supports  f r o m  e x t e r i o r  primary structure. 

5-13 CPS 
13-15 CPS 
15-32 CPS 
32-49 cps 
49-900 cps 
goo-1200 cps 
1200-2000 cps 

.18 g2/cps Constant 

-30 g2/cps Constant 

,044 ;'"/cps Constqnt 

.OI~ g2/cps Const:int 

12 clb/Octave rise t o  

12 d b l 0 c t w c  Decrease t o  

12 db/Octnve decrease t o  

(b) Input  t o  eljuipment supports from i n t e r i o r  primary s t r u c t u r e .  

5-27 cps  
27-40 CDS 

.18 gf/cps Constant 
12 ctb/Oct.wc decrease t o  

Q R U M M A N  AIRCRAFT E N G I N E E R I N G  C O R P O R A T I O N  
~~ ~ 



TABU I1 

MISSION mLS -- 

ENvIRomAL AND LOAD CONDITIONS 

(a) Launch and Boost C-5 (Continued) 

Acoustics : Octave Bcnd 

in d, b. external to 

(re ,0002 dynes/cm ) 

(sound pressure l e v a s  (cps) 

=) 2 9 to 18.8 
18.8 to 37.5 
37.5 to 75 
75 to 150 
150 to 300 
300 to 600 
600 to 1200 
1200 to 2400 
2400 to4800 
4800 tog600 

overall 

Temperature: 

C5 at mwc. q 
Level (db) 

142 
141 
141 
13 8 
13 4 
130 
12 3 
116 
U O  
104 
147 

Atmospheric pressure at sen level to 

except In cabin which is pure oxygen 
Atmospheric at sea level  to 5.8 psia. 

0% 160°F uncontrolled cabin 
O b  1 6 0 ~ ~  equipment bay - 

1 x 10-10 ~TII HF- (Ng) 

40' t~ 100°F propulsion comportment 

+15 to 206F ambient sec level - "MR 
-65 to 165°F LEE! external surface 

Humidity: "none " 

Electromagnetic 
Interface : 

Radiation : See Paragraph 4.1. 

Same os pre-launch packaged 

Meteoroids: 

Checkout: 

F ~ W K  as specified in T ble V, (for exter- 
nal Items). (ref. 4.2.3) 

See prelr.unch unpackaged operating 

I 
REPORT LED-520-1~ 
DATE Rev. 15 Nov 1963 
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ENVIRONMENTAL AID LOAD CONDITZONS 

Space Flight - Translunar 
Acceleration: 
SM prop. system operatint. 
SM prop. sys. not opernti 

Shock : 
condition t ranmosi t ion 

Vibretion: The mission environment consistr; of the follow- 
SM pmp. sys tem operating in(- rdam spectrum applied fo r  6 minutee 

xlong each of the three mutwlly perxnt1icuL r 
axes, X, Y and Z. 

Plume effects: 

Input t o  equipment suppor.ta from prim: 2:; 
structure. 

.089 g /cps constmt 
12db/ogtrtve decrease to 
,024 g"/cps constant 
12 db/octr:ve decrease 

T 5 - 47 cps. 
47 - 65 cps. 
65 - 1000 cps. 

loo0 - 2000 cps. 

Due t o  m i n e s  and/or RCS t o  be supplied. 

SIIO 1*7# 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  

~~ 



T m  n 

- 

(f) Bps cd PlQht Trnnsluner (Con'd) 

h 6 6 U I B :  1 x 10-14 lllrm ~g w o n t r o w  yBcu\B 
5.8 pala controUed cabin (q) 
5.8 to  .I psLa uncontrolled -bin (02) 
0 to  +160'~ U n d n t m u  d t n  
0 to +l60*F equllplsnt beyo 
70 t o  &OF controlled oabln 

40 to L O O O F  prOpll81011 bays 
-15' to+lY!j'F A r c n d  Fuel Cell 
&O0 to -260'F external surface 

For fiterne1 Items: 
Sobr radiation = 440 BTU/ft*hr. 
Lunar surface: e 0 . F  to -300'F 
(depedi- on b b  p i t i o n )  
Space - -460'F. 

Temperature: 

IRmridlty: 

ozooe : 

Hazardous Gas: 

Electranamtic 
Interface : 

k 0  to 7 6  In controlled ottbin 
0 to 100% uncontrollmd cabtn 

To be determined 

Same as pxw-lawoh peckaged 

Same a8 pre-launch p c h @  

Redia t ion : Van Allen, Solar Flare and Space background. 
1po be defined a8 naetbd (iruwr blt 10 
lginutes 1/2 hr, delay - outer belt 20) 
(-8 Pm-gh 4.1). 

Mebomibr: d 1 , s t ~ b u t I o n  far sporadic meteoroids, i n  
aocordanes w i t h  Table V. 
paragraph 4.2.1 

(for external i t e m s )  

aciuilplpeut !bmmrature due to croabined atxgaslrra u h a l l  be b*nalmd 
external ltsns. 
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e 

0 

0 

MISSION LGVI3.S 

E3WIEIoN4ENTAL AND UXD CONDITIONS 

Lunar Descent - Including separation, descent, hover and touchdown (g) 

Accelerations: 

Descent engine operating 
Tmnsfer Orbit 

-ding( t 3  be suijplietl) 

Shock : 

IandinE 
10-20 m s  rise time - ramp 

Case 1 
Caee 2 
Case 3 

Vibratinnf 
De scent Engine 
*=tin43 

3 - e  r n i S S i C 2  er?Yirs?Z3ent ccnc,iz;ts of the 
followinc random spectrum applied f o r  11; 
minutes along each of the mutually per- 
pend icuhr  axes, x, y and z. 

Input t o  equipment supports from primary 
s t ruc ture .  

Plume e f f e c t s :  

P m  8 sure : 

Temperature w, * 

10 - 28 cps .18 g cps constant 
28 - 37 cps 12 db 7 octave decrease t o  

37 - lo00 cps .059 g2/cps constant 
1000 - 1200 cps 12db/octave decrease t o  

1200 - 2000 cps .031 /cps constant 

Due t o  Ehgine and/or RCS t o  be supplied. 

2 

f l  x 10-l' m & uncontrolled vacuum 
4.C t o  5.8 p s i e  controlled cabin. 

B 0 t o  +160'~ equipment bays 

b +4O to +100"F propulsion bays 

1- 50"tdgO'F cabin - l o c a l  spots 

+70 t o  +&OF cabin - average , 

-15 t o  +175'F Around h e 1  Cell 
+260 t o  -260'~ externa l  surface 

G R I t  AA AA A N A I D r D A F T F N c I N 5 e D I u c r n D D n D A 7 I e LI 
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a 
L I O  l67D 

TABLE: I1 

MISSION LFVEIS 

ENVIRONMENTAL AND U D  CONDITIONS 

(c;) Lunar Descent (continued) 

Temperature (continued) 
H, * 

Humidity: 

Ozone : 
Hazsrdms Gas: 

Elec t r v e  t i c  
Interference:  
Meteoroids: 

Sand and Dust: 

Radia t Ion : 

For ex te rna l  i t e m s :  

Solar  r ad ia t ion  = 440 BTV/F’!I?/hr. 
Lunar sur face  +250 t o  -3OQ’F dependiw: on 
6uns pos i t ion  - 
Space = -U.OoF 

Controlled cabin 40 t c  70$ r.h. 
Locally i n  cabin 0 t o  lo@ r.11. 

To be detemined.  
Ssme 86 pre-launch p8ckaCed. 

Same a6 pre-launch packaged. 
Use d i s t r i b u t i o n  f o r  sporadic meteoroids as 
spec i f ied  i n  Table V ( f o r  ex te rna l  items) 
( p m a p a p h  4.2.3) 
T h I e  is t o  be spec i f ied  by Crurmvrn 
See P a q r a p h  4.1. 

--- r iw Equipment temperature due t o  combined expoaure shall be determined f o r  
ex te rna l  i t e m s .  

The backface 5emperature of the Descent w i n e  Combustion Chamber i s  
4.400’F. 
seeing this. 

* 
1 . e  heat sh ie ld  o r e v e n t s  the  i n t e r n a l  cav i ty  W. s t ruc tu re  from 

- -  
REPORT m - 5 2 0 - 1 ~  
D A T E R e v .  15 Nov. 1363 

Contract NAS 9 1100 
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CACC 46 

TABU I1 

MISSION LEVELS 

EWIR(XMENTAL AND LQAD CONDITIONS 

Lunar  Stay 

Accelerations : 

cond. - a t  rest 

Shock : 

X - 
116 t: 
Not c r i t i c a l  

NOTES: Ascent and descent engines not operating. Vibration due to other 
sources t o  be supplied. 

G R U M Y A N  A I R C R A f l  C N G I N C C R I N G  C O R C O R A T I O N  



TABLE I1 

MISSION LEVELS 

ENvIRONMENTnL AND W D  CONDITIONS 

(h) Lunar Stax (continued) a 

Pressure: 

' Temperature: 

- Humidity: 

kl x 10-lomm Hg. uncontrolled vacuum 
5.8 psia (02) controlled cabin 

1 x lO-'m &. cabin (hatch open). 

0 t o  +160aF E( uipn3nt &ys 

40 t o  +100'F Propul.sion Bays . 4 
50 t o  gO°F 
..'i'O t o  8 0 ' ~  Cabin Average. 
70 t o  8 0 ' ~  Cabin ( ih t ch  open) (Pre1imin;irv) 

Cabin Locnl S p t s  - 

I 

-15 t o  +175'F A r o u n d  Fuel Cell 
40 t o  - 2 6 0 ' ~  - External Surface 
fir externa l  items: t 

Solar Radiation *= 440 BTU/Ft2/hr 
Lunar Surface +250 t o  -3c)O'F Depending < 
on suns pos i t ion  
Space = - 4 G O O F  d 

Controllzd Cabin (%) 40 - "(6 rel. hum. Avy. 
l o c a l l y  i n  cabin (%) 3 = lOC$ R e l .  I W n i d i t )  

ozo?ae : To be determined. 

Ha ZEI rdous Ga s : Same a s  pre-launch packaged. 

Radiation: 

Electromagnetic 
Interference : 

k t e o r o i d s  : 

Sand and Dust: 

Solar  f l a r e  ?nd space bockground t o  be 
def ined  a s  needed. 
See paragraph 4.1.1 

Same o s  packaged pre-launch 

U s e  d i s t r i b u t i o n  f o r  sporadic ~ e t e s r ~ l d s  
a s  spccified in Table V ( f o r  ex te rna l  i tems).  
( R e f .  4.2.1.) 

This i s  t o  be specified by Grumman. 

REPORT LeD-520-1B 
Contract No. NAS 9-1100 Rev. DATE 15 N ~ v .  1963 
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TABLE 11 
MISSION LEXE3.S 

E~NIRQNMENTJ~L AND LOM CONDITIONS 

( i )  Lunar Ascent - Including ascent  rendezvou:; ant1 d x k i n g  

Accelerat  i 3n : 

engine operatine: 
docking c m d i t i m  
transfer o r b i t  - -. 

Shack: 

Vibration: 
engine opera t ing  

Plume Effec ts :  

The ~ n i s s i c m  environment c o n s i s t s  of the 
fzUowfn(: rmdom s p e c t m n  appl ied  fsr 8 _  
minutes along each Df t h e  t h r e e  rnutually 
perpendicular  axer, x, y and z. 

Input  t o  equipment supports from p r i m a n  
s t r u c t u r e .  

10-20 cps .18 $/cps constant  
28-37 C ~ S  l2db/octave decrease t o  
37-1300 CPS .359 g2/ cps constant  
1000-1.200 cps 12db/Dctave decrease t o  
1200-2000 cps .031 g2?/cps cm.; tant  

Due t o  Engines and RCS t a  be suppl ied.  

REPORT m-520-1B 
C m t r a c t  NAS 9-1100 Rev. DATE 15 Nov. 1963 

G R U M M A N  A I R C R A t  T E N G I N E E R I N G  C O R P O R A T I O N  
_ _ _ ~  __ __ 

~ ~ 



a 

0 

- 

ENG-14 A 

( i) Lunar Ascent - 
Pressure :  

Temperature wt 

Humidity: , 

Ozme: 

Hazardous Gas: 

E l e c t  romagnet i c  
In t e r f e rence  : 

Meteomids: 

Sand and Dust: 

Radiation: 

TABU I1 
MISSION LEVELS 

ENVIRONKEXTAL AND LOAD CONDITIONS 

1 x 
4.8 t o  5.8 p s i a  c o n t m l l e d  cabin.  

m Hg uncontrol led vacuum n 0 t o  -t160"~ equiprllent bayo 

+40 t o  +100"F pmpuls ion  bays 

50" t:, 90°F cabin - local spo t s  

+TO t o  + 8 0 " ~  cabin .- average 

-15 t o  +175"F Amund Fuel Cell  

+ 260 t o  -260'F ex te rna l  sur face  
+ 400'F f o r  5 ,ninutesJ e x t e r n d  ~ e p a , ? - n t 1 3 : !  s.urfaz 

FDr ex te rna l  items: 

S o l a r  r ad ia t ion  = 440 BTU,@T*/hr. 
Lunar sur face  +25O t a  -300'F depending on 
Sun's p x i t i o n  - 
Space = -460'F 

Controlled cabin ( O z ) ,  40 t o  705 r.h. 
Local ly  i n  cabin ( 0 2 ) ,  0 t:, 100s r.h. 

To be determined. 

Same as pre-launch packaged. 

Same as pre-launch packaged. 

U s e  d i s t r i b u t i o n  f o r  sparadic  metecmoids as 
spec i f i ed  i n  Table V ( fnr  e x t e n e l  L t e m )  
(paragraph 4.2. j )  

Th i s  i s  t a  be spec i f i ed  by Grum!nan 

See Paragraph 4.1. 
P 

+Y Equipment temperature due t o  combined expasure sha l l  be determined f o r  
e x t e r n a l  items. 
The baclface temperature of the Ascent Engine Combustion Chamber is t o  

be suppl ied.  
* 

REPORT LED-520-1~ 
Contract  No. NAS 9-1100 Revmu 15 NDV. 1963 
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